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ABSTRACT
Objectives: Clinical trials and community-based studies
often include the Center for Epidemiologic Studies-Depres-
sion scale (CES-D) as a measure of depression outcome. We
compared responses to symptom-related items on the CES-D
by depressed stroke and primary-care patients for several
purposes: 1) to illustrate the use of Item Response Theory
(IRT)-based (Rasch) models for comparing scale functioning
across different patient subgroups; and 2) to inform clini-
cians and outcome researchers about scale functioning and
depressive symptomatology in stroke- compared with pri-
mary care-based depression.
Methods: Two data sources were analyzed, including 32
depressed patients who were 3 months poststroke, and 366
depressed primary-care patients. Presence of depression was
based on a CES-D score 16 or higher. Rasch models were
used to assess item ﬁt and compare item hierarchies between
depressed primary-care and stroke patients.
Results: Item hierarchies were similar for poststroke depres-
sion and primary care-based depression. Interpersonal dis-
ruption items were the most difﬁcult to endorse for both
groups. No items misﬁt the scale in primary-care depression.
Items relating to restless sleep, unfriendliness, and crying
slightly misﬁt the scale in stroke patients, that is, may meas-
ure a different trait. Differential item functioning (DIF)
between the groups was identiﬁed for items relating to appe-
tite, restless sleep, crying, and feeling disliked.
Conclusions: Results generally supported the use of the CES-
D as measure of depression outcome, particularly in primary
care-based depression. DIF may imply that slightly different
clusters of depressive symptoms are reported by depressed
stroke patients compared with primary care, but this is con-
jectural given the small stroke sample size and the same items
have been previously associated with bias in studies of large
nonstroke samples. This study found Rasch models to be use-
ful tools to investigate scale performance for different clinical
applications.
Keywords: cerebrovascular disease, CES-D, depression, psy-
chometrics, stroke.
Introduction
Depression is a common occurrence after stroke, with
prevalence estimates ranging from 10% to 64% [1–6].
Variations in the prevalence of poststroke depression
(PSD) have been attributed to study/care setting, time
lapse after stroke, and method of assessing depression
[7]. Although mental health is typically evaluated by
history taking and clinical assessment, patient self-
reported questionnaires are increasingly used to eval-
uate patient outcomes [8]. Self-rated scales are not a
substitute for clinical diagnosis of depression but they
are useful as screening tools. Such scales include the
Self-Rating Depression Scale [9], Beck Depression
Inventory [10], and Center for Epidemiologic Studies-
Depression (CES-D) scale [11].
Although the CES-D was developed for depression
screening in the general population, it is often used in
studies of stroke outcome [7,12–16]. Two investiga-
tions have provided some evidence to support interob-
server reliability [17], construct validity [6,17], and
sensitivity and speciﬁcity of the CES-D as a screen for
depression after stroke [6]. Nevertheless, PSD may be
etiologically different from depression in the general
population [7], and studies comparing the symptom
proﬁles of poststroke and functional depression have
suffered from various methodological limitations [18].
One approach to understand scale equivalence in
different groups or conditions, such as depression
symptoms after stroke compared with primary care, is
to use Item Response Theory (IRT)-based models. A
fundamental principal that underlies the IRT family of
models is that an individual’s response to any given
item reveals a level of ability in the trait being
measured [19]. Unlike classical test theory-based
approaches, IRT-based models can be used to evaluate
item hierarchy along a single continuum (i.e., item dif-
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ﬁculty order), and test whether item hierarchies are
consistent across different samples of patients and test
occasions [20]. IRT-based models have emerged as
powerful tools to assist in the development of item
banks for computer adaptive testing, helping to
identify items that are stable across different groups
and provide maximum information about a trait, for
example, fatigue or depression, without requiring large
numbers of items [21]. In this respect, IRT-based mod-
els may be used to inform clinicians and outcomes
researchers about whether differences exist between
primary care- and stroke-based depression based on
patterns of responses to the CES-D. In this study, we
utilized IRT-based models to compare responses to
symptom-related items on the CES-D by depressed
stroke and primary-care patients for several purposes:
1) to illustrate the use of IRT-based (Rasch) models for
comparing scale functioning across different patient
subgroups; and 2) to inform clinicians and outcome
researchers about CES-D scale functioning and depres-
sive symptomatology in stroke- compared with pri-
mary care-based depression.
Subjects and Methods
This study utilized secondary data from two sources.
Stroke patient data were collected as part of a study of
health outcomes after stroke, which has been described
in detail elsewhere [16]. Patient assessments of the
CES-D collected at 3 months postrecruitment were
analyzed. Patients who were diagnosed with ischemic
stroke were recruited with 2 weeks of stroke before
discharge from two large teaching hospitals in Edmon-
ton, Canada. Participants had to be 18 years of age or
older. Patients were not eligible if they had receptive
aphasia, were cognitively impaired, unable to compre-
hend the English language, or had a very poor prog-
nosis, based on consultation with attending clinicians.
Data on USA-based primary-care patients with
depression were obtained from the Longitudinal Inves-
tigation of Depression Outcomes (LIDO) study. The
LIDO project was a longitudinal study of depressive
symptoms, quality of life and health services use
among primary-care patients in Barcelona (Spain),
Be’er Sheva (Israel), Melbourne (Australia), Porto Ale-
gre (Brazil), St. Petersburg (Russia), and Seattle (the
United States). At each site, consecutive adult (age 18–
75) visitors were invited to participate in the study.
After providing informed consent, participants com-
pleted a screening questionnaire that included the CES-
D. The study has been extensively described elsewhere
[22,23].
Measures
The CES-D is a 20-item scale designed to measure
depressive symptoms experienced in the past week
(Table 1) [11]. Responses are interpreted based on a
simple summary score, calculated by summing the item
responses. Patients were categorized as depressed if
CES-D scores were 16 or higher, a threshold used in
community-based studies [11,24] and in stroke [6,17].
Higher scores are associated with more frequent
depressive symptoms.
Analysis
Among the family of IRT-based models used to
characterize item function, the most common are the
1-parameter (Rasch), 2-parameter, and 3-parameter
logistic models. The ﬁrst parameter is item location,
which represents the item’s severity or difﬁculty con-
Table 1 CES-D items
Item statement Abbreviation
I was bothered by things that usually don’t bother me Bothered
I did not feel like eating: my appetite was poor Appetite
I felt that I could not shake off the blues even with help from family members Blues
I felt I was just as good as other people As good as
I had trouble keeping my mind on what I was doing Concentration
I felt depressed Depressed
I felt that everything I did was an effort Effort
I felt hopeful about the future Hopeful
I thought my life had been a failure Failure
I felt fearful Fearful
My sleep was restless Restless
I was happy Happy
I talked less than usual Talked less
I felt lonely Lonely
People were unfriendly Unfriendly
I enjoyed life Enjoy life
I had crying spells Crying
I felt sad Sad
I felt that people disliked me Disliked
I could not get going Get going
CES-D, Center for Epidemiologic Studies-Depression scale.
Rasch Analysis of the CES-D Scale 61
cerning the trait of interest, whereas the 2-parameter
and 3-parameter models additionally take into account
item discrimination and guessing, respectively. There
are many Rasch models, all of which are derived from
a basic probability model that assumes no relationship
exists between a person’s responses to different items
after taking their ability into account. The correspond-
ence between an individual’s ability on a latent trait
and the predicted response to an item is represented by
an item characteristic curve [19], which has an ogival
(S-shaped) form. Item location along the continuum of
the measure is expressed in log odds, or logits. The 1-
parameter Rasch model was selected for the present
study because it can be used to select items that “ﬁt,”
that is, have equal item characteristic curves, across
different populations, and it requires smaller samples
to derive stable parameter estimates compared with
other models [21].
The model appropriate for ordered response cate-
gories, the Rasch Rating Scale model [25], was used to
evaluate item hierarchy and item ﬁt statistics on the
CES-D. Item ﬁt was evaluated using goodness-of-ﬁt
statistics, reported as inﬁt mean-squares (MNSQ).
MNSQ is the ratio of the observed to the predicted
variance for an item, and informs how well each item
functions within the scale [26]. Guidelines for rating
scales suggest items with MNSQ values higher than
1.4 misﬁt the scale [27], indicating it either taps a dif-
ferent dimension or that it differs from other items in
its ability to discriminate people [21].
Item hierarchies were compared between the stroke
and primary-care groups by examining mean item cal-
ibrations and item order. Differential item functioning
(DIF), which refers to an item lacking equivalence in
performance/functioning in different groups or set-
tings, was identiﬁed statistically by conducting t-tests
on mean item calibrations between the stroke and pri-
mary care-based patient groups [28]. The t-statistic
was computed as a ratio of difference between item
difﬁculty estimates and the square root of the sum of
squared standard errors at a 95% conﬁdence level.
Sample sizes larger than 30 have been considered ade-
quate for demonstrating item calibration stability
within ±1 logit with 95% conﬁdence [29]. Because the
identiﬁcation of DIF using t-tests is dependent on sam-
ple size, an alternative criterion of 0.5 logit between
item calibrations is often used to determine DIF [21,
29, 30]. Rasch analysis was conducted with Win-
steps® [31].
Results
Of the 101 stroke patients with complete item
responses to the CES-D at 3 months (three had incom-
plete data), 32 patients (32%) were deﬁned as
depressed according to CES-D scores. Stroke patients
deﬁned as depressed had a mean age of 69 years (SD
14) and 59% were female. The mean age of primary
care-based patients with depression was 42 years (SD
15), and the majority (67%) of patients were female
[22].
Item hierarchies based on mean logit calibrations
were strongly correlated between stroke and primary
care-based groups (Spearman’s rank order coefﬁcient,
rs = 0.75). Items relating to interpersonal disruption
feelings (“I felt that people disliked me” and “people
were unfriendly”) were hardest to endorse in both
groups. Misﬁtting items, that is, MNSQ higher than
1.40, in PSD included “my sleep was restless,” “I had
crying spells,” “people were unfriendly,” and “I felt
just as good as other people.” No items misﬁt the scale
in the primary care-based depression group. In com-
paring item functioning between the two groups, four
items demonstrated statistically signiﬁcant DIF: “my
sleep was restless,” “I felt that people disliked me,” “I
did not feel like eating,” and “I had crying spells.”
Each of these items identiﬁed with statistically signiﬁ-
cant DIF demonstrated a logit difference of approxi-
mately 0.5 or more across the two groups. (Table 2)
Discussion
Although classical test theory-based methods have
generally supported construct validity and internal
consistency reliability of the CES-D in stroke and com-
munity-based studies, such methods can not facilitate
the evaluation of whether items are equivalent in
meaning to different individuals [19]. We investigated
the ﬁt and difﬁculty level of the CES-D items along the
continuum of the measure using the 1-parameter IRT
(Rasch) model. The CES-D scale functioning was
found to be quite impressive in primary care-based
depression, with no items misﬁtting the scale, although
only three items slightly misﬁt the scale in stroke. DIF
observed between depressed stroke and primary-care
patients may imply that slightly different clusters of
depressive occur in stroke compared with primary-care
patients, but this is conjectural given the small size of
the stroke sample. In addition, the same items have
been previously associated with bias in studies of large
nonstroke samples.
Item-response bias in the CES-D has been examined
in large samples containing 708 cancer patients and
504 caregivers of the chronically ill elderly [32], and
using data (n = 2340) from the Established Popula-
tions for Epidemiologic Studies of the Elderly (EPESE)
[33]. Use of conﬁrmatory factor analytic models in car-
egivers of the chronically ill elderly and cancer patients
identiﬁed two items with gender bias (“I had crying
spells” and “I talked less”) and three additional items
with psychometric problems (“people are unfriendly,”
“people dislike me,” and “I thought my life had been
a failure”) [32]. The EPESE study indicated the CES-D
would have greater validity after removal of the two
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interpersonal items and the crying item, and did not
ﬁnd support for gender bias on the item “I talked less”
[33]. Thus, despite the small size of the stroke sample
in the present study, the same three items from the
EPESE study were identiﬁed as psychometrically prob-
lematic using of Rasch models. Thus, the psychometric
issues raised by items in the present study do not
appear to be unique to stroke.
Given the widespread use of the CES-D, items from
the scale are likely to be prominent in the development
of item banks for clinical and research studies that uti-
lize computer adaptive testing. Absence of DIF is the
ﬁrst step in selecting core sets of items for item banks
used in computer adaptive testing [21], and this com-
parison of item functioning between depression after
stroke and in primary care demonstrated that Rasch
models can help to identify items that are desirable as
core items in an item bank intended to assess depres-
sion outcomes across different patient groups. The
identiﬁcation of DIF can serve as a tool to help clini-
cians to identify clinically relevant characteristics or
attributes that differ across patient groups, such as
sleep-related problems in depressed stroke compared
with other depressed patients groups, as well as for
hypothesis generation for future studies. This investi-
gation also illustrates how Rasch models may be uti-
lized to help evaluate scale functioning in different
clinical conditions, and potentially lead to reﬁnements
in the measure if substantial gains in measurement pre-
cision can be realized.
Enhanced measurement precision and less measure-
ment error when evaluating depression outcomes
offers the beneﬁt of smaller sample sizes needed to
detect signiﬁcant differences between groups, reducing
the resources and efforts needed from both clinical and
outcomes researchers when designing and implement-
ing studies. Nevertheless, the extent of the psychomet-
ric ﬂaws should be considered in the context of cost
and effort involved in scale revisions, because revisions
affect interpretability [34], and would necessitate fur-
ther validation studies of ability to predict interview-
based clinical diagnoses. Given that only one item was
identiﬁed as uniquely psychometrically problematic in
the stroke subgroup, stroke-speciﬁc changes to the
CES-D scale are not recommended.
It is important to note that scale-related issues iden-
tiﬁed using Rasch models assume unidimensionality of
the scale. The factor structure of the CES-D in non-
stroke patients has been described as having four
underlying factors: depressive affect, positive affect,
somatic and interpersonal disruption [11]. Neverthe-
less, McDowell and Newell [35] cautioned against the
interpretation of factor analysis of the CES-D, stating
that although factor analyses have been relatively con-
sistent they should not be used as a basis for identify-
ing subscores because the factors intercorrelate, the
scale as a whole has high internal consistency, and not
all items load signiﬁcantly on the factors. Furthermore,
some CES-D items are causal indicators [36]; items
that relate to causes of depression. Nevertheless, the
converse need not apply: patients with depression may
not experience the same set of symptoms. Thus, psy-
chometric evaluations of the CES-D should be tem-
pered by considerations such as the multidimensional
nature of depression and inclusion of clinically rele-
vant items that do not signiﬁcantly/consistently load
on the same factors. At the same time, the high internal
consistency of the CES-D and the fact that interpreta-
Table 2 CES-D item calibrations and DIF in depressed stroke and primary-care patients
Item
Stroke (n = 32) Primary care (n = 366) Differences in item calibration 
Mean logit 
calibration (SEM)
Inﬁt 
MNSQ
Mean logit 
calibration (SEM)
Inﬁt 
MNSQ |t-stat| |Logit difference|
Disliked* 1.65 (0.31) 0.96 0.88 (0.07) 0.89 2.42 0.77
Unfriendly 1.10 (0.25) 1.53† 0.84 (0.08) 1.21 0.99 0.26
Failure 0.53 (0.21) 0.85 0.50 (0.07) 0.99 0.14 0.03
Crying* 0.36 (0.20) 1.59† 0.84 (0.07) 1.07 2.27 0.48
Fearful 0.24 (0.20) 0.88 0.53 (0.07) 0.96 1.37 0.29
Blues −0.02 (0.19) 0.69 0.21 (0.07) 0.69 1.14 0.23
Appetite* −0.06 (0.19) 1.01 0.59 (0.08) 1.39 3.15 0.65
Effort −0.10 (0.19) 1.04 −0.45 (0.06) 0.87 1.76 0.35
Talked less −0.10 (0.19) 1.11 0.19 (0.07) 1.07 1.43 0.28
Restless* −0.17 (0.19) 1.63† −0.78 (0.07) 1.34 3.01 0.61
Sad −0.20 (0.19) 0.61 −0.26 (0.07) 0.62 0.30 0.06
As good as −0.28 (0.19) 1.37 −0.09 (0.07) 1.40 0.94 0.48
Concentration −0.28 (0.19) 1.02 −0.23 (0.07) 0.93 0.25 0.29
Depressed −0.28 (0.19) 0.59 −0.34 (0.06) 0.65 0.30 0.23
Get going −0.28 (0.19) 1.17 −0.63 (0.06) 0.97 1.76 0.35
Bothered −0.31 (0.19) 0.50 0.05 (0.07) 0.94 1.78 0.36
Hopeful −0.35 (0.19) 1.15 −0.45 (0.07) 1.37 0.49 0.10
Happy −0.49 (0.19) 0.68 −0.69 (0.07) 0.97 0.99 0.20
Lonely −0.49 (0.19) 1.00 −0.19 (0.06) 0.84 1.51 0.30
Enjoy life −0.49 (0.19) 0.93 −0.52 (0.07) 0.91 0.15 0.03
*DIF t-statistic P-value = 0.05; †MNSQ > 1.4.
CES-D, Center for Epidemiologic Studies-Depression scale; DIF, differential item functioning; MNSQ, mean-squares; SEM, standard error of the mean.
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tion is based on a summary score that gives equal
weighting to each item argue in favor of the explora-
tion of the CES-D as a uniﬁed scale using Rasch
models.
Generalizability of the results to stroke patients
may be limited by the timing of the assessment, which
was assessed at approximately 3 months poststroke.
The nature of PSD may change over the course of
recovery and PSD does not remain constant through-
out the poststroke period [5]. In relation to other stud-
ies assessing depression at 3 months poststroke, the
25% to 30% prevalence of depression observed in
other studies was comparable to the 32% prevalence
in the present study [1,7,37]. Use of the CES-D to
deﬁne depression rather than clinical diagnosis is an
acknowledged limitation. Because of the small stroke
sample size, the present study has been described as a
preliminary investigation.
In summary, the application of the Rasch model to
the CES-D scale generated results that generally sup-
ported the validity of the CES-D scale, particularly in
primary care-based depression. Items related to crying,
unfriendliness, and feeling disliked that demonstrated
DIF in the comparison between stroke- and primary
care-based depression are not a stroke-speciﬁc concern
because bias on those items has been previously iden-
tiﬁed in large nonstroke samples. Although Rasch
models have limitations and require caution in their
interpretation when applied to a condition such as
depression, they can provide unique insight into the
validity and reliability of outcome measures in differ-
ent patient groups in clinical trials as well as in
community-based studies.
Source of ﬁnancial support: AstraZeneca provided investiga-
tor-initiated grant support for the collection of the data on
stroke patients.
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